The synthesis of serotonin at eNS level is influenced by diet. Moreover, insulin resistance is associated with lower serotonin levels. Visceral obesity, strictly linked to hepatic steatosis is specifically associated with mild to severe somatic affective-depressive symptom clusters. Previous data support the view that depression involves serotonergic systems, reflecting low levels of urinary 5-hydroxy-3-indoleacetic acid (5-HIAA). The 24-h urinary excretion of 5-HIAA was evaluated in 76 dystimic/depressed, obese/ overweight females, divided into two groups, i.e., on a hyper-caloric diet, associated with a life style characterized by leisure time sedentary behavior (LTSB, 35 women), or on a normo-caloric diet, assisted by program-based strategies aimed at promoting physical activity participation (PAP, 41 women). Beck Depression Inventory (BDI) was carried out to score the severity of dystimia/depression. Anthropometric measures, metabolic indices, severity of hepatic steatosis at sonography and HOMA were studied. Urinary levels of 5-HIAA in controls and PAP groups were comparable with a great overlap, while in the LTSB group the urinary excretion of 5-HIAA was significantly reduced in respect to that of the PAP group and obviously compared to that of the control group, 3.4±1.4 mg/L versus 6.2±2.7 mg/L and 6.4±2.6 mg/L, respectively, ANOVA test, P= 0.001. Among metabolic indices, cholesterol, HDLcholesterol, triglycerides and uric acid were not able to predict urinary concentrations of 5-HIAA, which were not associated with hepatic steatosis; vice versa, ferritin levels, and mainly HOMA values, were independent predictors of the urinary excretion of 5-HIAA (P=O.235 and 0.45, respectively). Dystimia/ depression severity was negatively predicted by urinary 5-HIAA levels in the sense that the highest BDI values were forecast by the lowest values of urinary 5-HIAA (P= -O.72).The importance of measuring the 24-h urinary excretion of 5-HIAA in follow-ups could rely on a method simultaneously mirroring the well-being status, the adherence to physical activity, which leads to improved insulin sensitivity, and the eating habits acquired by dystimic/depressed overweight/obese patients. In contrast, the significance of the urinary 5-HIAA is reduced in evaluating the severity of hepatic steatosis, likely because it is a structured process.
The synthesis of serotonin (5-HT) at CNS level is influenced by diet (Table I) . Moreover, insulin resistance (IR) is associated with lower serotonin levels. Mood disorders are reported to be more frequent in women (I). Visceral obesity, strictly linked to hepatic steatosis (HS) (2) , is specifically associated with mild to severe somatic affectivedepressive symptom cluster (3). Previous data support the view that there is a biological substrate for certain subgroups of dysthymia, reflecting low levels of urinary 5-hydroxy-J-indoleacetic acid (5-HIAA) (4) . To assess depression, Beck Depression Inventory (BOI) has as advantages a high internal consistency, a good content validity in differentiating between depressed and non-depressed subjects, sensitivity to change and international propagation (5) . Advances during the past decade have improved our understanding of the 5-HT biology outside the CNS (6) . Peripheral 5-HT is metabolized mainly in the liver through enzymatic conversion by monoamine oxidase-A, resulting in the urinary excretion of 5-HIAA (7) . Quantification of high levels of urinary 5-HIAA is especially important in the diagnosis and follow-up of intestinal neuro-endocrine tumours, irritable bowel syndrome (8) and acute appendicitis (9) . On the other hand, an important item of research shows that various occupational and environmental stressors may cause alterations in 5-HT turnover, leading to decreased urinary levels of 5-HIAA (10) . Not surprisingly, low levels of 5-HIAA were found in the internal jugular vein following treatment of depression with SSRls, reflecting a reduction in CNS 5-HT release (11). In contrast, the urinary excretion of 5-HIAA does not reflect levels of this metabolite of5-HT in the brain of rats (12) .
Various analytical methods have been described to measure 5-HIAA in urine, including immunoassays, and the more expensive, time consuming and suffering-from-interference methods of gas chromatography and liquid chromatography (13) . On the basis of the following evidence: i) the strict link between % and HS and over-eating as well as depression; ii) that exercise is effective in the alleviation of depression (14) ; iii) the interplay between increased levels of leptin, IR and 5-HT as well as the GH-IGFaxis imbalance; iv) conflicting data on urinary excretion of 5-HIAA mirroring or not central (CNS) 5-HT levels; v) that chronic hepatic disease could impair the metabolism of intestinal 5-HT, we investigated the basal urinary metabolite of 5-HT in dystimic/depressed % females on a hypercaloric diet, associated with a lifestyle characterized by leisure-time sedentary behavior (LTSB), or on a normo-caloric diet, assisted by program-based strategies aimed at promoting physical activity participation (PAP) (15) .
Against the above-mentioned, complex background, our study tested whether the urinary levels of 5-HIAA correlated to HS severity, anthropometric indices, metabolic parameters, HOMA, serum IGF-I levels and BDI.
MATERIALS AND METHODS

Participants
The study was performed according to the principles of the Declaration of Helsinki and informed written consent was obtained from each patient. All subjects had to provide complete medical histories, and underwent physical examination, psychiatric evaluation, anthropometric assessment, routine laboratory tests and opportune diet during a one-month period. Excessive alcohol intake (more than one drink/day or seven drinks/ week) and addictive substances or triptans for severe migraine use were recorded.
Inclusion criteria
One hundred and twenty-seven women aged 16-53 years, with a body mass index (BMI) greater than 25 kg/ m-, seen in our Department for metabolic balance from April, 2008 through November, 20 I0 were eligible for the study. Those subjects were consecutively enrolled, who met the Diagnostic and Statistical Manual IV (DSM-IV) criteria for current diagnosis of dysthymic /depressive disorder. Moreover, all of them were evaluated on the grounds of their eating habits, drug assumption and lifestyle, psychotherapy only being allowed.
Exclusion criteria
Twenty-eight subjects were excluded for the following reasons: eight were taking medication for mood disorders (three of whom on triptans for migraine); nine were taking appetite suppressants or three were pregnant or lactating; eight had entered menopause and had been on hormonal therapy. Ten individuals who had chronic liver disease (three suffering from HeV infection, seven from chronic alcohol abuse), two with unstable cardiovascular disease, six with an eating disorder (diagnosed bulimia), and five who had undergone previous bariatric surgery were also excluded from the study.
The final population consisted of 76 subjects who were divided into two groups according to the previously mentioned inclusion criteria, i.e., 41 % women on a normo-caloric diet and contextually PAP and 35 0/0 women on a hyper-caloric diet associated with LTSB.
Life style evaluation
LTSB has been most often used in recent research and is perhaps one of the strongest markers for an overall sedentary lifestyle (4, 16) . To enter the group of LTSB, 0/0 female participants answered positively the following question "During the past 30 days, did you sit to use a computer for connecting to social networks or to play computer games/cards or to knit five or more hours per day (outside of work) and had this behaviour been maintained at least for six months, beyond winter?" The PAP group consisted of % women who had undertaken an exercise program, considered of moderate intensity, consisting of a 3-times/week controlled training load (45 min/day) on a bicycle ergometer (5) . The test, characterized by a ramp protocol with 10-to 15-W increments every minute until exhaustion, was stopped when the subject no longer maintained the bicycle velocity at 60 rpm. Alternatively, patients had had the habit of brisk walking for 30 m/day/ five days-a-week. The exercise was then progressively intensified, according to each individual's subjective effort perception up to the heart rate. The participants had previously begun their training at the heart rate corresponding to the anaerobic threshold.
Biochemical analyses
Pineapples, bananas, kiwis and nuts were disallowed from the diet of subjects in the study at least one week before collecting twenty-four-hour specimens of urine (6, 17) . Samples were stored for a maximum of one month at -20 DC after having been adjusted to pH 3-6 with concentrated hydrochloric acid, and were then centrifuged and filtered before testing. The urinary excretion of 5-HIAA was tested using reagents by Biosystems, Barcelona (Spain), according to the manufacturer's indications. The products of the tryptophan metabolism in the sample were retained by a neutral resin. 5-HT and 5-hydroxythryptophan were eluted together first, and then 5-HIAA. These metabolites were spectrophotometrically quantified using a 540 mm filter by the means of the complex formed by reaction with I-nitroso-2-naphtol. As methodological characteristics, the detection limit was 0.9 mg/L=4.9 micromol/L; the linearity limit was 200 mg/L= I050micromol/L; the intra-assay coefficients of variation was 5.2% at a mean concentration of 1.5 mg! L=8. I micromol/L and 3.6% at a mean concentration of 12.9 mg/L=67.9 micromol/L; the inter-assay coefficients of variation was 7.7% at a mean concentration of 1.5 mg/L=8.1 micromol/L and 7.2% at a mean concentration of 12.9 mg/L=67.9 micromol/L. Normal values of a group of 18 healthy, lean (BMI= 23.2±2.4), young (age=21.5±4.1) female volunteers (Controls), who accepted to avoid previously described foods, were detected. Our 95% reference interval, double-sided, using the non-parametric percentile method (CLSI C28-A3) of controls was set between 3.38 and 12.0 mg!L, largely different from other Authors' reference values, i.e., 8-47 mg/L, obtained by isocratic HPLC with electrochemical detection (15, 18) . Therefore, the spectrophotometric method is suitable for the tight current limits.
Serum IGF-I levels were measured by IRMA after ethanol extraction (Diagnostic System Laboratories Inc., Webster, Texas, USA). The sensitivity of the assay was 0.8 ug/L; the normal ranges in adults aged 20-40 and 41-60 years were 110-494 and 100-300 ug/l, respectively. The intra-assay CVs were 3.4, 3.0, and 1.5 % for low, medium, and high points on the standard curve, respectively. The inter-assay CVs were 8.2, 1.5, and 3.7% for low, medium, and high points on the standard curve, respectively. Since IGF-I levels are related to age, to analyze the relationships between IGF-I levels and the other variables we calculated the SDS of IGF-I levels according to age (zSDS). To this aim, we calculated the mean and SO oflGF-llevels in adults (21-40 years) and middle-aged (4 I-65 years) women (8, 19) .
Other laboratory parameters, such as ferritin, alanin aminotransferase (ALT), total cholesterol, HDL-cholesterol, triglycerides, uric acid, glicemia were determined by in-house procedures according to international standards. Insulinemia was evaluated by a human insulin Elisa kit (Millipore, Italy). HOMA, as index ofIR, was calculated by the formula: fasting insulin (f.lU/mL) x fasting glucose (mg/dL)/405.
Anthropometry. MS presence andfood intake
After having measured body weight and height, the BMI was calculated (kg/m-). Waist circumference (WC) was assessed at the end of normal expiration at one centimeter above the umbilical cicatrix in the erect position using a normal measuring tape (9, 20) . Subjects on PAP had been instructed to be on a daily energy intake of about 2000/2500 Kcal per day (21) with a regimen that maintained a prudent balance of macronutrients: 25% of energy from fat, 60% of energy from carbohydrates and 15% of energy from protein, based on World Health Organization criteria. LTSB subjects had introduced a hyper-caloric diet in their eating habits, defined as a minimum of 3000 Kcal per day, associated with an unhealthy food pattern. A registered dietician performed initial dietary screening. Metabolic Syndrome was defined according to the revised Adults Treatment Panel III (200 I ), and three or more criteria were considered.
Binge eating presence and depressive symptoms
Applying exclusion criteria, we were interested principally in assessing the occurrence of objective binge eating episodes during the previous 3 months. Such episodes refer to eating a large amount offood (as judged by the examiner) during a two-hour period, with the patients' report of loss of control during the episode and associated behavioral characteristics (including distress about their eating behavior), and if patients were free of compensatory behaviors associated with bulimia nervosa (i.e., purging or eliminating).
Patients self-administered 801 to assess dystimicl depressive symptoms; the test (801-11) (5) was carried out under standardized conditions of comfort, privacy and silence. In this respect, the 801-11 is positively correlated to the more difficult to interpret (the psychiatrist must choose the possible responses to each question by interviewing the patient and by observing the patient's symptoms) Hamilton Depression Rating Scale with a Pearson's r of 0.71, showing good agreement (22) . The cut-off scores followed were: 0-13, minimal depression or dysthymia; 14-19, mild depression; 20-28, moderate depression; 29-63, severe depression.
Ultrasound evaluation
Ultrasound (US) measurements were obtained by a General Electric (Italy) Vivid system, using a GE 4C-RS Convex Probe -4C-RS Curved Array Transducer (2-5 MHz), with access to the liver through intercostal spaces along the mid-axillary line. The classification of "bright liver" or hepatic steatosis (HS) was based on the following scale of hyperechogenity: 0 = absent, I = light, 2 = moderate, 3 = severe, pointing out the difference between the densities of the liver and the right kidney (23) . To avoid confounding factors that could modify the echo intensity and thus bias comparisons, the mean brightness levels of both the liver and the right kidney cortex were obtained on the same longitudinal sonographic plane. To confirm the previous classification, a difference between the mean brightness level of the liver and the right kidney, i.e., the hepatorenal sonographic index expressed in d8, was calculated (24) .
Statistics
When analyzed by Shapiro-Wilk (S-W) test, variables such as age (S-W, p = 0.07) 801 (S-W, P = 0.09), total cholesterol (S-W, p = 0.36), ALT (S-W, p = O. 40), ferritin (S-W, p = 0.19), IGF-I (S-W, p = 0.71), HIAA (S-W, p = 0.33), triglycerides (S-W, p = 0.14) HOL-cholesterol (S-W, p = 0.1), HOMA (S-W, P = 0.14), and uric acid (S-W, p = 0.85), being normally distributed, were expressed as mean plus SO. The difference of means, confronting PAP and LTS8 groups, was spotted by t test for unpaired samples. 8MI (S-W, p = 0.02) and WC data (S-W, p = 0.037), derived from a not normally distributed population, were articulated as median (inter-quartile range) and the difference of medians, confronting PAP and LTS8 groups, was managed by the Mann-Whitney (M-W) test for independent samples. HS grades at US and IR were considered ordinals and then analyzed by the M-W test. The ANOVA test was adopted to analyze 5-HIAA data (normally distributed) of the total population (PAP and LTS8 and Control groups).Their pair-wise comparison of subgroups was obtained by the Tukey test. The chi-square test was used to look for differences in the classification system. Tracking the degree of association between variables the Pearson's r for uniform intervals or Spearman's rho for non-uniform intervals were used. To assess the independent effect of one quantitative variable on the prediction of another, linear regression analysis (least squares) was used, evaluating the standardized coefficient beta (~) and its ratio to its Standard Error, i.e., r-test, were calculated. In multiple regression analysis, to avoid multi-collinearity i.e., situations in which the predictors are correlated with each other to some degree, the tolerance was set to < 0.1. The Factor Analysis was applied to detect the structure in the relationships among variables, selecting a subset of variables having the highest correlations with the principal component factors. The Cattell Scree plot, with relative eigenvalues, was performed to screen the real factors. Extraction of the main components amounted to a variance maximizing (varimax) the rotation of the original variable space. The critical value was calculated by doubling Pearson's correlation coefficient for I% level of significance (5.152) I square root of patients (seventy-six) minus 2, i.e., 0.599. The concordance correlation coefficient (p), which measures precision and accuracy, was adopted to evaluate the degree of intra-observer observations at US.
RESULTS
Population scharacteristics
First of all, the mean age of PAP and LTSB patients was quite similar, i.e., 35.6± 11.5 years vs 38±9.5 years, unpaired t test, two tailed probability, P=0.18, while the mean age of the whole population was 37.0±10.7
Vice versa, we stress that the population in the study was dissimilar with regard to anthropometric measures, i.e., median BMI of PAP was 32 (28.5-33.1) and that of LTSB 33 (30.9-37.7), M-W test, The behavior of urinary levels of 5-HIAA is shown in Fig. I . Briefly, urinary levels of 5-HIAA in controls and PAP groups were comparable with a great overlap, meanwhile in the LTSB group the urinary excretion of 5-HIAA was significantly reduced in respect to that of the PAP group and obviously compared to that of the control group, 3.4±1.4 mg/L vs 6.2±2.7 mg/L and 6.4±2.6 mg/L, respectively, ANOYA test and Tukey test for pairwise comparisons, P= 0.001.
Association and prediction
There was no association between ALT activity and urinary levels of 5-HIAA (r=-0.18, p=O.II), and between HS grade and urinary excretion of 5-HIAA (rho=-0.004, p=0.68). Only an evident trend was present between HS severity and HOMA (rho= 0.19, p=0.09). Age was not an independent predictor of urinary excretion of 5-HIAA. Among anthropometric parameters, urinary levels of5-HIAA were negatively predicted by BMI (~= -0. acid were not able to predict urinary concentrations of 5-HIAA; vice versa, ferritin levels and mainly HOMA values were independent predictors of the excretion of urinary 5-HIAA (~=0.235 and 0.45, respectively), Table II and Fig. 2 . The dystimia/depression severity was negatively predicted by urinary 5-HIAA levels in the sense that the highest BOI values were forecasted by the lowest values of urinary 5-HIAA (~= -0.72), Fig. 3 .
Hidden relationships were revealed by Factor Analysis, the first of which showed a strict relation between urinary 5-HIAA, BOI and HOMA, and the second between age and cholesterol levels, Table III and Fig. 4 .
Reliability
The intra-inter-observational reproducibility of the sonographic estimations for the bright liver was high, with a Pc of 0.93 and 0.89, respectively.
DISCUSSION
The main finding ofour research was a significant decrement of urinary levels of 5-HIAA in 0/0 women, characterized by a hyper-caloric diet and sedentary lifestyle (LTSB group), in respect to those on a normo-caloric diet, but associated with the habit of taking regular aerobic activity (PAP group). Contextually, both groups of patients (LTSB and PAP) showed a completely different pattern of the severity of dystimia/depression, i.e., mood disorder symptoms were more evident in the % women who had chosen an unhealthy alimentary behavior coupled with lack of exercise. Consequently, the Table I . Serotonin as neurotransmitter is involved in hunger, depression and metabolic syndrome.
Serotonin (5-HT) is found in the gastrointestinal tract platelets and in the CNS
The synthesis of 5-HT at CNS level is influenced by plasma concentrations of tryptophan that in turn increases plasma concentration of leptin, which inhibits the feeling of hunger in the hypothalamus Low brain 5-HT immune-reactivity is found in all animals with high neuronalleptin accumulation at the raphe nucleus Plasma tryptophan concentrations is reportedly low in obese subjects, leading to a likely reduction of 5-HT synthesis Insulin resistance, overweight/obesity, type 2 diabetes are associated with lower 5-HT levels 5-HT promotes the release of growth hormone by a hypothalamic site of action GH enhances thymic secretory cytokines, which induce neurotransmitter changes Insulin-like growth factor I in numerous tissues increases 5-HT levels and in turns improves insulin sensitivity score of dystimia/depression was well predicted by the urinary excretion of 5-HIAA. Higher HOMA values were associated with lower urinary 5-HIAA concentrations. Therefore, diet and life style contributed to modify IR and the urinary excretion of 5-HIAA. This observation supports a role of habits on 5-HT concentrations at eNS level that is linked to a complex, long-lasting, hormonal-metabolic impairment (hypothetically GH/IGF-I axis). Obviously, it is not possible to exclude that women less depressed chose to be involved in a more active life and had a more healthy eating habit. However, normo-caloric diet and exercise (25) gave place to less IR and consequently fewer % dystimic/ depressed individuals with MS. Urinary 5-HIAA increment has been demonstrated on the treadmill (26) . In our study we were not able to confirm the link between the urinary metabolite of 5-HT and HS grade. In a previous research, 5-HT degradation was recently implicated as an important source of reactive oxygen species, providing evidence that 5-HT plays a role in the pathogenesis of the more severe form ofHS, i.e., non-alcoholic steatohepatitis (27) . This startling piece of research is reinforced by the finding that expression of 5-HT(2A) receptors was up-regulated in hypertrophic 3T3-Ll adipocytes (28) . Potentially, our study suffers from some drawbacks. First of all, the apparently small sample size. Indeed, calculating a difference of 5-HIAA levels of 2.8 mglL with relative SDs in the two groups, the selected population was sufficient (in fact with a type I error= 0.01 and a type II error of 0.01, the minimum required sample population size should have been 29 patients/group). In addition, some authors cast doubts on whether the present analytic method has the benefit of achieving higher precision and lower deviation to the reference values in comparison to the newer methods (13) . But, giving spectrophotometric method results similar to other techniques, it is suitable in this setting for the tight current limits. The present data are supported by the results of a previous study on 42 obese children and adolescent females, in which significantly lower amounts of urinary 5-HIAA were found (29) . According to our results, in primary early onset dysthymic patients treatment responders had the lowest urinary 5-HIAA levels (30) . Finally, higher levels ofIGF-I that were also found in trained men who were compared with age-matched sedentary men, corresponded to lower concentrations of IGF-I in the PAP group (31) . Our findings are against the intestinal source of urinary 5-HIAA. Accordingly, a study tested that urinary 5-HIAA was a reliable indicator of the central serotonergic system in astronauts (32) . Recent data provide evidence for a functional link between omega-3 (n-3) fatty acid deficiency, elevated peripheral inflammatory signaling, both of which are features of % patients, and increased central5-HT turnover (33) .
In conclusion, the importance of measuring the 24-h urinary excretion of 5-HIAA in every mid-term-clinical control could rely on a method simultaneously mirroring the well-being status, the adherence to physical activity, which leads to improved insulin sensitivity even in the absence of weight loss, and the eating habits acquired by dystimic/depressed % patients. Meanwhile, the significance of urinary 5-HIAA is reduced in evaluating the severity of HS that is a structured and stable process.
